ABSTRACT. We investigated the effect of age on the expression of immune molecules [ANA, C4, double stranded DNA (dsDNA), CD16/32, CD19, CD3, and CD64], urine protein, and pathology in mice with chronic graft-versus-host disease (cGVHD) lupus nephritis (LN), and their relationship with reactivity index score. Mouse models of cGVHD LN were established, and mice were randomly divided into four aged-based groups of nine mice each. Serum levels of ANA, C4, and dsDNA were determined, the urine protein levels were assessed, and expression levels of CD16/32, CD19, CD3, and CD64 were measured.
INTRODUCTION
With the development of systemic lupus erythematosus (SLE), lupus nephritis (LN) has been reported as one of the most important complications; it affects the prognosis of SLE and makes a major contribution to disability and mortality in the disease (Lenz and Contreras, 2004; Weening et al., 2004; D'Cruz et al., 2007; Ruiz Irastorza et al., 2012; Yap et al., 2012; Zubair and Frieri, 2013) . Early presentation of kidney injury occurring in patients with LN is an abnormal urine protein level. The condition is further characterized by high degrees of albuminuria and hematuria, varieties of cylindruria, and elevated levels of serum creatinine and urea nitrogen. The pathogenesis of LN is very complicated, with several factors involved, such as cytokines, antibodies, and complement proteins. Previous studies have shown that albuminuria is observed in mice 4 weeks after LN is established, and glomerular mesangial segmental, diffuse hyperplasia, global glomerulosclerosis, and pathology changes of the lupus kidney are seen at 12-14 weeks. LN-related immune markers such as ANA, C4, double-stranded DNA (dsDNA), CD16/32, CD19, CD3, and CD64 change during LN pathogenesis (Pérez de Lema et al., 2001; Messmer et al., 2004; Aringer and Smolen, 2005; Liu et al., 2011) . However, whether age affects the changes in ANA, C4, dsDNA, pathology, or urine protein, and whether these changes are associated with reactivity index score, remain poorly understood. In this study, we established a chronic graft-versus-host disease (cGVHD) LN mouse model to evaluate the effect of age on the changes in ANA, C4, dsDNA, CD16/32, CD19, CD3, CD64, urine protein, and pathology, as well as the relationship between these changes and reactivity index score, with the aim of finding LN progression-related markers. The development or progression of LN in patients could be monitored by measuring the changes in certain relevant markers.
MATERIAL AND METHODS

Reagents
Anti-CD16/32, anti-CD64, and anti-CD3 antibodies were purchased from BD Biosciences (San Jose, CA, USA). The anti-CD19 antibody was from Beckman Coulter company (USA). The enzyme-linked immunosorbent assay kits for measuring levels of dsDNA, ANA, and C4 were from Cell Signal Mice.
Male inbred C57BL/6J and DBM2 mice were purchased from the Animal Center, the Affiliated Hospital of Weifang Medical University. The mice were housed in enclosed and sterilized cages. The cGVHD LN mouse model was established as previously described (Bruijn et al., 1988) . The mice were randomly divided into four groups of nine mice each based on age: group A mice were 8 weeks old; group B were 10 weeks old; group C were 12 weeks old; and group D were 20 weeks old. During the study, two mice each died in groups A and C, and one mouse died in group D.
At the end of the study, mice were anaesthetized with 2.5% chloral hydrate and incisions were made in their abdomens. Venous blood was drawn from the inferior vena cava and spun to obtain plasma. The kidney, thymus, bone marrow, and spleen were isolated to measure the expression levels of CD16/32, CD19, CD3, and CD64. In addition, paraffin sections of each organ were prepared for hematoxylin and eosin staining and electron microscope analysis.
Measurement of urine protein
Expression levels of urine protein were measured using an automatic biochemical analyzer from Hitachi company (Japan) according to manufacturer instructions.
Histology and pathology analysis
Paraffin sections were made from the mouse kidneys. They were dewaxed with xylene and dehydrated by gradient ethanol, then stained using hematoxylin and eosin. The pathology changes of the mouse kidneys were observed under an optical microscope. Pathology scores were assessed according to the 2004 World Health Organization guidelines on kidney pathology (Weening et al., 2004; Medina et al., 2014) , which are as follows: 1 for cell hyperplasia; 2 for fibrinoid necrosis and karyorrhexis; 3 for cellular crescents; 4 for agglutinative thrombus and wire loop lesion; and 5 for cell infiltration, renal tubule lesion, and nuclear cell infiltration.
Measurement of ANA, dsDNA, and C4
Expression levels of ANA, dsDNA, and C4 were measured using ELISA kit [Mouse Anti-dsDNA IgG(total)] from Empire Genomics company (USA) according to manufacturer instructions.
Flow cytometry analysis
The expression levels of CD16/32, CD19, CD3, and CD64 were measured by flow cytometry. Cells isolated from the thymus, bone marrow, or spleen were washed once in phosphate-buffered saline (PBS) and spun at 1500 revolutions per minute (rpm), then resuspended in PBS to produce a final concentration of 1-2 x 10 6 cells/mL. Aliquots of the resuspended cells (50 µL) were added to two flow tubes. CD3-peridinin chlorophyll protein, CD19-phycoerythrin (PE), and CD16/CD32-fluorescein isothiocyanate (FITC) (5 µL each) were added to one tube, and CD64-PE (5 µL) was added to the other tube. Isotype antibodies were used as a negative control. The tubes containing the antibodies were incubated for 15-30 min in the dark. At the endpoint, PBS was added to wash the cells while spinning. The cell pellets were then resuspended in 500 mL PBS and analyzed directly by flow cytometry. Expression levels of CD16/32+CD19, CD16/CD32+CD3, and CD64+(CD3 or CD19) in the thymus, bone marrow, or spleen were defined as (T1, T2, T3), (B1, B2, B3), and (S1, S2, S3), respectively.
Statistical analysis
A one-sample K-S nonparametric test was used to evaluate whether the data fit a normal distribution in these groups. If they did, one-way analysis of variance was used; if they did not, a K independent-sample nonparametric test was used. Least significant difference or the Dunnett's T3 test was used for comparison between two groups for homogeneity or heterogeneity of variance, respectively. Correlation of ANA, C4, dsDNA, urine protein, T1, T2, T3, B1, B2, B3, S1, S2, or S3 with reactivity index score was quantified by Spearman correlation coefficient analysis.
RESULTS
Phenotype
Increased cell proliferation was observed in the mouse kidneys. Glomerular sclerosis with glomerulus surface adhesion was found in one mouse in group B, whereas in group D, glomerulus surface adhesion (in one mouse), glomerular sclerosis (in one mouse), focal segmental sclerosis (in two mice), and focal segmental and glomerular sclerosis (in one mouse) were seen. Statistical analyses of immune-related and pathological markers for all groups of mice are shown in Tables 1 and 2 Table 2 . Expression levels of CD16, CD32, CD19, and CD3 in the thymus and bone marrow (means ± standard deviation).
Normal distribution assessment
The levels of ANA, C4, dsDNA, urine protein, T1, T2, and B2 in the different groups all fell within a normal distribution (P > 0.05), whereas the reactivity index scores for T3, B1, B3, S1, S2, and S3 did not (P < 0.05). Statistical analysis of serum immune-related markers and urine protein levels are shown in Tables 1 and 2. Except for the comparison between groups A and B, comparison of the dsDNA levels between groups demonstrated a significant difference (P < 0.05). Regarding the urine protein level, there was also a significant difference between groups (P < 0.05) except for groups A and B, and groups B and C (P > 0.05). As seen in Tables 1 and 2 , there was a negative correlation between age and levels of both dsDNA and urine protein. Significant differences in B2, which is the expression of CD16/CD32 and CD3 in bone marrow, were observed between the different groups, and there was a positive correlation with age.
Analysis of the levels of reactivity index score in T3, B1, B3, S1, S2, and S3 revealed significant differences in B1, S1, and S2 among the different groups (P < 0.05), demonstrating that age influences the expression of CD16/32+CD19 in the bone marrow and the spleen, and of CD16/32+CD3 in the spleen (Table 3 Table 3 . Analysis of the expression of CD16, CD32, CD19, and CD3 in the thymus, bone marrow, and spleen.
Correlative analysis of reactivity index score
No correlation between levels of ANA, C4, dsDNA, or urine protein with reactivity index score was observed (P > 0.05) (Table 4) . However, expression of CD16/32+CD19 in the spleen (S1) was found to be positively correlated with reactivity index score (r = -0.440, P = 0.011). Expression of these molecules in other organs was not correlated with reactivity index score (P > 0.05). 
DISCUSSION
SLE is an autoimmune disease or autoimmune connective tissue disease that can affect any part of the body. LN is a common and severe complication, which is characterized by damage to the glomerulus, vasculature, kidney tubules, and mesenchyme. With the progression of LN, a large amount of urine protein, hematuresis, and cylindruria are observed in patients, with further renal fibrosis or failure eventually developing (Li et al., 2006; Petermann and Floege, 2007) .
In this study, we demonstrated increased cell proliferation in the kidneys of mice of different ages, with glomerular sclerosis occurring in 10-week-old mice, and glomerulus surface adhesion, sclerosis, focal segmental sclerosis, and focal segmental with glomerular sclerosis occurring in 20-week-old mice. Through correlative analysis of the reactivity index score, which was based on pathological changes, with the levels of ANA, C4, dsDNA, urine protein, or expression of CD16/32, CD3, CD19, or CD64 in the thymus, bone marrow, or spleen, we found that only the expression of CD16/32+CD19 in the spleen (S1) was correlated with reactivity index score (P < 0.05). This suggests that the pathological changes in the kidneys from mice with LN could be used as an indicator to evaluate LN progression. Owing to its correlation with pathological changes, expression of CD16/32+CD19 in the spleen might influence disease progression.
Since SLE is systemic, its clinical manifestations are very complicated. It is characterized by the production of autoantibodies against nuclear components; anti-dsDNA antibodies, especially IgG type antibodies with high affinity, are the hallmarks of SLE and play a critical role in its pathogenesis. Previous studies have shown that anti-dsDNA antibody can be purified from the kidneys of LN patients in an active state, implying the role of this antibody in the initiation of organ damage. The severity of kidney disease in SLE patients is usually associated with anti-dsDNA antibody titer. Levels of autoantibodies and cytokines change during the development of LN (Gröndal et al., 2000; Reveille, 2004; Simón et al., 2004; Tucci et al., 2005; Kang and Datta, 2006; Moura et al., 2009 ). Patients' conditions may progress with age. However, whether autoantibodies and cytokines also change with age remains unclear and requires further investigation. In this study, we found that levels of dsDNA and urine protein differed significantly among the different groups, with negative correlation with age. In addition, significant differences in the expression levels of CD16/32+CD19 in bone marrow (B1) and the spleen (S1), and CD16/32+CD3 in the spleen (S2) were observed in the different groups. Based on the results obtained from this study, the levels of dsDNA and urine protein, and the expression levels of CD16/32+CD19 in the bone marrow (B1) and spleen (S1), and CD16/32+CD3 in the spleen (S2) might be used to evaluate LN progression.
